trials, 1 the National Institutes of Health Stroke Scale (NIHSS) is now widely used as a clinical measure of stroke severity. 2 The NIHSS is the strongest single predictor of outcome in patients with acute stroke. [3] [4] [5] However, despite its obvious clinical importance, NIHSS is often not documented in routine practice, is frequently missing from clinical stroke registries, and is completely absent from administrative data. In Get With The Guidelines (GWTG)-Stroke, the rate of NIHSS documentation in the first 5 years of the program was <50%, 4 although higher rates have recently been observed.
Hospital profiling, which refers to the rank ordering of hospitals based on performance metrics, has gained greater prominence recently among the stroke community as federal agencies begin to include stroke outcomes in pay for performance incentive programs. 6 The importance of NIHSS data to the accuracy of hospital profiling for stroke outcomes has recently become a point of considerable contention. 7 Because of its clinical importance as a prognostic variable at the patient-level, it is widely thought that it is critical to include NIHSS data in risk adjustment models designed to account for case-mix differences between hospitals. 7 However, variation in the documentation of NIHSS across hospitals has the potential to adversely affect the validity of risk adjustment models, and in turn, the accuracy of hospital profiling. This problem may be further exacerbated if the reporting of NIHSS scores by individual hospitals is missing not at random (MNAR), 8 that is, that the documented scores are biased toward either higher or lower values. Because the pattern and frequency of missing NIHSS data at the hospital level have the potential to affect the accuracy of hospital profiling, we describe trends in NIHSS documentation in patients with acute ischemic stroke by GWTG-Stroke hospitals and identify patient-level and hospital-level factors associated with documentation of NIHSS at the patient-level. Also, to determine the degree to which the reporting of NIHSS scores by GWTG hospitals is potentially biased (ie, MNAR), we describe the relationship between NIHSS documentation rates and observed NIHSS scores at the hospital level.
Methods

Case Identification and Data Abstraction
Details of the design and conduct of the GWTG-Stroke program are described elsewhere. 9, 10 Briefly, we included data from >1 million acute ischemic stroke patients admitted to >1700 GWTG-Stroke hospitals who participated in the program during the 10-year period between April 2003 and December 2012. Trained hospital personnel were instructed to ascertain consecutive acute stroke admissions by prospective clinical identification, retrospective identification using International Classification of Diseases-Ninth Revision discharge codes, or a combination. Acute ischemic stroke admissions were identified retrospectively using primary discharge codes 433.x, 434.x, and 436. The eligibility of each acute stroke admission was confirmed at chart review before abstraction.
Patient data were abstracted by trained hospital personnel using an Internet-based Patient Management Tool (Outcome Sciences, Cambridge, MA). These included demographics, medical history, arrival mode, last known well (LKW)-to-arrival time, brain imaging, in-hospital treatments, in-hospital events, discharge treatments and counseling, in-hospital mortality, and discharge destination.
Information was collected on the patient's first recorded NIHSS score. The NIHSS is a 15-item neurological examination scale that provides a quantitative measure of stroke-related neurological deficit that includes level of consciousness, language, neglect, visual-field loss, extraocular movement, motor strength, ataxia, dysarthria, and sensory loss. Each item is scored with 3 to 5 grades, with 0 indicating normal. 11 The final total score has a potential range of 0 to 42, with higher scores indicating greater stroke severity. For hospitalized acute ischemic stroke cases, typical values include median NIHSS score of 3 with interquartile range of 2 to 7. 12 The abstractor was prompted to document (yes or no) if a NIHSS score was recorded in the record, and if yes, what was the total score. There were slight modifications made to the NIHSS-related variables included in the Patient Management Tool over the 10-year period of this study; in later years, the abstractors were prompted to record if the score was recorded by the treating physician or a member of the stroke team, or if it was generated (retrospectively) by the abstractor themselves from information in the chart. 13 Data on hospital-level characteristics, including bed size, teaching status, primary stroke center (PSC) status, annual volume of stroke and TIA-related discharges, rural or urban location, geographical region, and number of years of participation in the GWTG-Stroke program, were obtained from a variety of sources, including the American Hospital Association database. 14 All participating hospitals received human research approval to enroll stroke patients in the GWTG program. All patient data were deidentified before submission. Outcome Sciences (Cambridge, MA) serves as the data collection and coordination center for GWTG, and the Duke Clinical Research Institute serves as the data analysis center.
Patient Population
From 1 438 523 acute ischemic stroke admissions to 1999 hospitals that participated in the GWTG-Stroke program between April 2003 and December 2012, we excluded 251 965 admissions (17.5%) because they were transferred from another hospital or were in-hospital stroke events. We excluded 295 hospitals that provided data on <25 total admissions during the 10-year period (this represented only 2270 admissions [0.1%]). This left a final database of 1 184 288 acute ischemic stroke admissions from 1704 hospitals.
Statistical Analysis
Contingency tables were generated to explore the relationship between patient-level and hospital-level variables and the documentation of NIHSS at the individual patient level; documentation was coded as yes (an NIHSS score was recorded in the Patient Management Tool) or no (no NIHSS data were available). Pearson χ 2 tests for nominal data and Wilcoxon rank sum tests for ordinal and continuous data were used as tests for statistical associations. A χ 2 test for linear trend was used to assess trends in NIHSS documentation across time (ie, 2003-2012) . We used multivariable logistic regression to identify significant independent patient-level and hospital-level predictors of NIHSS documentation at the patient level-the outcome variable for this model was the binary response of yes (NIHSS documented) versus no (NIHSS not documented).
We used an iterative purposeful model building strategy to develop the most parsimonious model while exploring important confounding effects. We forced age and sex into the model regardless of statistical significance. All patient-level and hospital-level variables that had a statistically significant bivariate association with NIHSS documentation (P<0.05) were considered for inclusion. These included arrival mode, LKW-to-arrival time, medical history variables, bed size, PSC status, teaching status, rural/urban, annual stroke/TIA case volume (<100, 100-300, >300), and region. Variables with a P<0.05 in the final model were retained. Further model exploration was performed by adding and deleting select variables to determine whether they had a significant confounding effects on other variables (defined as a >10% change in the adjusted odds ratio). To account for within-hospital
WHAT IS KNOWN
• National Institutes of Health Stroke Scale (NIHSS)
is an important prognostic variable for acute stroke, but it is often incompletely documented in clinical registries and is completely absent from administrative data.A concern is whether incomplete documentation of NIHSS leads to selection bias, which could have important consequences for hospital profiling. To date, little or no data exist to quantify the magnitude of this problem.
WHAT THE STUDY ADDS
• To determine the degree of potential bias in the documentation of NIHSS data, this study examined trends in and predictors of documentation of NIHSS across 10 years of data (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) in the Get With The Guidelines-Stroke program. • The overall NIHSS documentation rate was 56% but between 2003 and 2012 documentation increased from 27% to 70%. NIHSS scores were higher at hospitals with lower NIHSS documentation rates-a pattern that suggests that NIHSS data were subject to modest selection bias. • NIHSS documentation rates were higher in patients who arrived within 3 hours of symptom onset and in those who arrived by ambulance, indicating that NIHSS was more likely to be recorded in patients who were eligible for tissue-type plasminogen activator treatment. • As documentation improved in more recent years, the degree of selection bias in NIHSS scores lessened, indicating that the problem of selection bias is improving as NIHSS documentation rates improve.
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clustering, generalized estimating equations were used. 15 Because of the rapid increase in NIHSS documentation in the GWTG-program in recent years, we repeated the multivariable analyses using data from only the 2011 to 2012 period, which included 412 777 patients with acute ischemic stroke admitted to 1545 hospitals. The overall NIHSS documentation rate during this 2-year period was 69.2%.
To determine if the pattern of missingness of NIHSS data collected by GWTG hospitals suggests that the data may be biased (ie, MNAR), we determined the correlation between the mean hospitallevel NIHSS documentation rate (%) and the mean hospital-level NIHSS scores. We further categorized hospitals into 5 levels of NIHSS documentation (ie, <20%, 20% to <40%, 40% to <60%, 60% to <80%, or ≥80% of NIHSS scores recorded) and tested for significant differences between documentation levels and the mean observed NIHSS scores using ANOVA and Tukey's Studentized range (honest significant difference [HSD]) test. A significant correlation between the hospital-level NIHSS documentation rate (%) and the hospital-level mean observed NIHSS score indicates that the level of documentation is associated with the observed NIHSS score; such findings could suggest a MNAR mechanism. To better illustrate the effect of a MNAR mechanism association with differences in hospital reporting, we generated smoothed frequency distributions (kernel plots) of the observed NIHSS data for each level of hospital reporting. As part of a sensitivity analysis, we repeated these analyses using only data from the 2011 to 2012 period.
Results
Over the 10-year period of the study, there were 1 184 288 acute ischemic stroke admissions to 1704 GWTG-Stroke hospitals. The NIHSS score was documented in 56.1% of these admissions; the mean NIHSS score was 6.7 (SD, 7.4) with median 4 (interquartile range, 2-9). Between 2003 and 2012, the documentation of NIHSS improved considerably-the mean hospital-level NIHSS documentation rate increased from 27% in 2003 to 70% in 2012 ( Figure 1 ; χ 2 test for linear trend, P<0.0001).
Characteristics associated with documentation of NIHSS at the patient level are shown in Table 1 . Because of the large sample sizes, even trivial differences between patients with and without documented NIHSS scores are statistically significantly different. However, clinically meaningful differences in documentation were observed for arrival mode and LKWto-arrival time. Patients with documented NIHSS were more likely to have arrived by ambulance compared with patients who did not have NIHSS documented (54% versus 47%), and were also more likely to have arrived within 3 hours of onset (29% versus 15% of patients without NIHSS documented). These data also indicate a strong association between missing NIHSS data and missing information on other variables; patients without documented NIHSS scores were more likely to be missing information on arrival mode (14%) and LKW-toarrival time (65%) compared with patients with documented NIHSS scores. Documentation of NIHSS was slightly lower in older patients, women, and for some medical history variables (eg, carotid artery disease, peripheral vascular disease); however, other medical history variables were associated with increased documentation (eg, dyslipidemia, current smoker). Examination of hospital-level variables indicated that patients with documented NIHSS scores were more likely to have been admitted to PSCs and hospitals located in the Midwest, whereas patients without documented NIHSS scores were more likely to have been admitted to teaching hospitals, rural hospitals, hospitals with small annual case volumes (<100 admissions), and hospitals located in the south (Table 1) . Patient-level and hospital-level variables independently associated with the documentation of NIHSS during this 2003 to 2012 period were identified using multivariable logistic regression ( Table 2 ). The adjusted model results confirmed that NIHSS documentation was better (adjusted odds ratio >1) in patients who arrived by ambulance and worse (adjusted odds ratio <1) in patients with longer LKW-to-arrival times. The multivariable results also confirmed that poor documentation of NIHSS was associated with missing data on arrival mode and LKW-to-arrival times. Several medical history variables were associated with significant differences in NIHSS documentation, although most of these differences were small. Of the more substantial differences, a history of hypertension, dyslipidemia, and smoking increased documentation, whereas carotid stenosis and peripheral vascular disease decreased documentation. Among hospital-level variables, documentation was higher at PSCs, in hospitals with moderate (100-300) or large (>300) annual caseloads, and in hospitals located in the Midwest. Documentation remained significantly lower at teaching hospitals. We did not detect any important confounding effects when individual variables were deleted from the final model. The findings from the multivariable model of the 2011 to 2012 data were similar, except that history of stroke/ TIA and coronary heart disease/acute myocardial infarction were no longer statistically significant ( Table I in the Data  Supplement) .
The characteristics of the hospitals classified according to 5 levels of NIHSS documentation (ie, <20%, 20% to <40%, 40% to <60%, 60% to <80%, or ≥80%) are shown in Table 3 . The frequency distribution of the 1704 hospitals across the 5 levels were 20% (n=347), 16% (n=269), 19% (n=319), 27% (n=464), and 18% (n= 305), respectively. Hospitals that reported NIHSS scores for <20% of their admissions were less likely to be PSCs or teaching hospitals, had smaller stroke caseloads, were more likely to be rural hospitals, and located in the south. They also had fewer years of participation in the program compared with the other hospitals. In contrast, hospitals that reported NIHSS scores for ≥80% of their admissions were more likely to be PSCs, more often had larger caseloads, and were less likely to be rural hospitals. They were also more likely to be located in the west.
To determine if the pattern of missingness of NIHSS suggests that the documented NIHSS scores are biased (ie, MNAR), we plotted the mean hospital-level NIHSS documentation rate (%) against the mean hospital-level NIHSS score for all 1704 hospitals using data from the 2003 to 2012 period ( Figure 2 ). The negative correlation (r=−0.207; P<0.0001) indicates that at the hospital-level, mean observed NIHSS scores were higher at hospitals who had lower rates of NIHSS documentation-a pattern that suggests a MNAR mechanism. This relationship was confirmed by the ANOVA model which demonstrated a statistically significant difference in mean observed NIHSS scores across the 5 levels of NIHSS documentation (F statistic=22.8, 4 degrees of freedom, P value <0.0001). The observed NIHSS means were 7.8, 6.9, 6.6, 6.4, and 6.4 for the hospitals that reported NIHSS in <20%, 20% to<40%, 40% to <60%, 60% to <80%, and ≥80% of their admissions, respectively. However, only the mean NIHSS score of 7.8 from the hospitals that recorded NIHSS in <20% of their admissions was significantly different from the other means (HSD, P<0.05). These modest differences in the distribution of the NIHSS scores across the 5 reporting levels are further illustrated in the kernel plots shown in Figure 3 ; lower levels of NIHSS documentation at the hospital level result in higher reported NIHSS scores (ie, a shift to the right).
As part of a sensitivity analyses, we repeated these analysis using data from the 2011 to 2012 period. The overall NIHSS documentation rate among the 412 777 stroke cases during this 2-year period was 69.2%, and the frequency distribution of the 1545 hospitals across the 5 levels of NIHSS reporting (ie, <20%, 20% to<40%, 40% to <60%, 60% to <80%, or ≥80%) was 13% (n=204), 10% (n=149), 13% (n=202), 18% (n=274), and 46% (n=716), respectively. The 46% of hospitals that reported NIHSS for ≥80% of their admissions represent a noticeable increase compared with the overall 10-year period where only 18% of hospitals achieved this benchmark. When the correlation between the mean hospital-level NIHSS documentation rate (%) and the mean hospital-level NIHSS score was reestimated among the 1545 hospitals, it was attenuated (r=−0.149; P<0.0001; Figure I in the Data Supplement). This lower correlation indicates less of a tendency for the data to be MNAR, although the kernel plots ( Figure II in the Data Supplement ) still show a shift to the right for the 204 hospitals that reported NIHSS for <20% of their cases.
Discussion
This analysis from >1 million ischemic stroke patients from >1700 GWTG-Stroke hospitals found substantial 
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improvements in the documentation of NIHSS scores over the 10 years since the program started; reporting rates increased from 27% in 2003 to 70% in 2012. Our analyses found that only a few patient-level and hospital-level variables were important predictors of NIHSS documentation; NIHSS scores were more commonly recorded in patients who arrived by ambulance and in those patients who arrived within 3 hours of symptom onset. These findings likely reflect the tendency of hospitals to put greater emphasis on NIHSS documentation in patients who might be candidates for thrombolysis (ie, who arrive early enough in the treatment window). The fact that we also observed a strong association level between missing NIHSS data and missing data for both mode of arrival and LKW-to-arrival time also likely reflects the fact that the quality and completeness of chart information is better for patients who are potential thrombolysis candidates. The fact that a positive medical history of hypertension, dyslipidemia, and current smoking were associated with better NIHSS documentation likely reflects the propensity for hospitals to do a better job of documenting risk factors that require active management and that are tracked in the GWTG-program as quality measures.
Our analyses found that hospital-level variables also influenced NIHSS documentation; hospitals that were PSCs and had moderate (100-300) or large (>300) annual stroke caseloads did a better job of recording NIHSS scores. We are not sure why the documentation of NIHSS was better for hospitals located in the Midwest compared with other regions.
A concern regarding the high rates of missing NIHSS scores is that the data are MNAR and that this could introduce selection bias. 8, 16 Other mechanisms of missing data include missing completely at random and missing at random, 8 and determining what mechanisms are at play in any given situation requires careful evaluation of the patterns and consequences of missing data. It should be noted that there is no single diagnostic or statistical test that can confirm which specific mechanisms (ie, MNAR, missing completely at random, missing at random) are at play. 8 Evidence of a MNAR mechanism in the NIHSS data is suggested by the modest negative correlation (r=−0.207) between the mean documentation rates and the mean NIHSS scores at the hospital level. The fact that the NIHSS scores increase as the documentation levels drop is further illustrated by both the kernel plots and ANOVA analysis. The 347 hospitals that documented NIHSS in <20% of their patients had a significantly higher mean NIHSS score (7.8) compared with hospitals with better documentation (where mean NIHSS scores ranged from 6.4 to 6.9). These findings suggest that the recording of NIHSS data in these hospitals is biased toward cases with higher severity.
Unfortunately determining whether the data observed in this analysis represent a biased picture of the true distribution of NIHSS scores for all ischemic stroke admissions in the United States is complicated by the lack of comparable data. We are not aware of any data showing the complete distribution of NIHSS scores from all patients with acute ischemic stroke admitted to a nationally representative population of US hospitals. However, we do note that the overall median NIHSS in this data set (4; interquartile range, 2-9) was slightly higher than that observed in hospitalized ischemic stroke patients (3, interquartile range, 2-7) from the population-based stroke study in Cincinnati/Northern Kentucky, where NIHSS was recorded in all cases. 12 We found that the documentation of NIHSS data had improved considerably during the 10 years of the GWTG-Stroke program. Whether these changes reflect national trends or are specific to hospitals participating in GWTG-Stroke program cannot be determined with confidence. However, the changes we observed are likely a reflection, in part, of efforts expended by the GWTG-Stroke program to improve the reporting of NIHSS data. This included the dissemination of online and mobile NIHSS training modules and toolkits on the GWTG-Stroke website, 17 as well as the publication of reports emphasizing the value and importance of NIHSS data. 18, 19 As part of a sensitivity analyses when we limited the analysis to the 2011 to 2012 period (that had the highest levels of NIHSS reporting [69%]), we found that the correlation between the mean NIHSS documentation rates and the mean NIHSS scores among the 1545 hospitals was attenuated (r=−0.149; P<0.001), illustrating that, as expected, the degree of potential bias is lessened as documentation improves. The incomplete documentation of NIHSS in the GWTG-Stroke registry still remains a concern, however, especially for the hospitals that report NIHSS data for only a small minority of their cases (ie, <20%); quality improvement efforts should continue to emphasize the documentation of NIHSS data for all cases.
Accurate risk adjustment and hospital profiling require that all important prognostic variables be collected with high levels of accuracy and completeness. 16 Although differences in NIHSS scores across hospitals with different reporting levels were modest, the impact of missing NIHSS data on the accuracy of hospital profiling could be important given that NIHSS is a strong predictor of mortality, 19 and NIHSS has been shown to affect the accuracy of hospital profiling in a previous GWTG-Stroke study. 18 Further study is needed to assess if the modest degree of selection bias in the reporting of NIHSS could have important effects on the accuracy of risk adjustment models and profiling. In addition, if NIHSS is included as a covariate in risk adjustment models, then unless missing NIHSS values are imputed individual patients will be excluded from profiling calculations resulting in smaller sample sizes to determine a hospital's ranking. Lower sample sizes have been shown to be an important determinant of the accuracy of hospital profiling. 20 There are a few potential limitations to this study. GWTG-Stroke hospitals are more likely to be larger, stroke centers interested in stroke quality improvement which might affect the generalizability of these findings. The rate of increase in NIHSS documentation observed in this study might well be greater than that seen in hospitals not participating in GWTG-Stroke program. We observed that documentation of NIHSS was greater in PSC certified hospitals, and it would have been of interest to determine the effect of becoming a PSC hospital during the time period of the study (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . Unfortunately, we do not have access to the date that a given hospital became PSC certified relative to when the hospital joined the GWTG-Stroke program. The PSC certification program began in 2004 and one-third of the GWTG hospitals (n=557) became certified during the study period. Thus for hospitals that obtained PSC certification after they joined the GWTG program, their PSC status is misclassified during the time period before certification. Finally, although this study found that the reporting of NIHSS data was potentially biased, this finding should not be generalized to all other data elements in the program; prior studies have demonstrated satisfactory reliability for many of the variables included in the GWTG-Stroke database. 21, 22 In summary, the documentation of NIHSS has improved dramatically in recent years in the GWTG-Stroke program. Evidence of modest bias in the reporting of NIHSS score data was found reflecting the tendency of hospitals with lower documentation rates to selectively report higher NIHSS scores. However, as expected, the degree of bias appears to be declining as NIHSS documentation rates improve in more recent years. The implications of the modest degree of selection bias in NIHSS documentation when registry data are used as a basis for hospital profiling requires further study, as does the impact of the complete absence of NIHSS documentation in administrative data. 16 Efforts to remedy the problem of incomplete NIHSS data in stroke registries should continue through education of health providers and the incorporation of documentation aids and tools into the electronic medical record. Finally, the recent announcement that the NIHSS score will be included as an International Classification of Diseases-Tenth Revision code (starting in October 2016) should improve the use of administrative data for hospital profiling of stroke outcomes in the future.
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